The action of selenium dioxide on several 2,3-disubstituted indole derivatives was found to give the corresponding 2-acylindoles as shown in Table I . In the case of tricyclic amides, (VI and VII), this oxidation reaction resulted in the formation of a-vinylindoles and organoselenium compounds.
On the basis of these products, the mechanism of the oxidation with selenium dioxide is discussed.
Many oxidation reactions of indole derivatives have been studied, for example, the oxidations with air,2) t-butylhypochlorite,3) lead tetraacetate,3) or periodic acid.4) Furthermore, it was recently reported that a reaction of indole derivatives with selenium dioxide gave organoselenium compounds,5) as shown in Chart 1. But to date no result has been reported regarding the oxidation of 2,3-disubstituted indole derivatives with this reagent.
Chart 1
We have found that 2,3-disubstituted indole derivatives on similar oxidation with selenium dioxide gave no selenium compounds and that the major products were 2-acylindoles as shown in Table I . A similar selective oxidation of 2-alkylated indole derivatives to 2-acylindoles using periodic acid has been reported by Dolby and Booth.4) When this method was applied to non-basic tetracyclic compounds such as 1, 2, 3, 4, 6, 7,-12, 12b-octahydroindolo [2,3-a] quinolizine-4-one (VI) and 2, 2-diethoxycarbony1-1, 2, 3, 4, 6, 7, 12,-12b-octahydroindolo [2,3-a] quinolizine-4-one (VII),8) selenium derivatives were obtained. Thus the compound (VI) gave rise to 1,1'-diseleno-bis- [2, 3, 4, 6, 7, 12-hexahydroindolo[2,3-a] quinolizine-4-one] (VIII). Similarly, the compound (VII) afforded the corresponding selenium compound 1,1'-diseleno-bis- [2,2-diethoxycarbony1-2, 3, 4, 6, 7, 12-hexahydroindolo [2,3-a] quinolizine-4-one] (IX) as well as the oxidation product, 2,2-diethoxycarbony1-2, 3, 4, 6, 7,-12-hexahydroindolo [2,3-ct] quinolizine-4-one (XI). Selenium derivatives, (VIII) and (IX), were characterized by their NMR spectra (Table II) , and by molecular weight determinations. These compounds were reduced to the corresponding non-selenium compounds, 2, 3, 4, 6, 7,-12-hexahydroindolo [2,3-a] quinolizine-4-ones, (X and XI), by the action of 1, 2-ethanedithiol. Very interestingly, selenium compound (IX) was reduced to 1-hydroseleno-2,2-diethoxycarbony1-2, 3, 4, 6, 7, 12-hexahydroindolo [2,3-a] quinolizine-4-one (XII) with NaBH4 in methanol solution. Thus, by addition of the reagent, the red reaction mixture was decolored and became homogeneous within half an hour and after a few hours the red crystalline starting material (IX) was deposited. The decolored solution showed the same ultraviolet (UV) spectrum as that of non-selenium compound (XI). This observation can be reasonably explained if one considers NaBH4 reduction and air oxidation reaction taking place between the compounds (IX) and (XII) as shown in Chart 3.
The lactam (XI) was reduced to the starting lactam. (VII) by catalytic hydrogenation with palladium on carbon. By Pb(OAc)4 oxidation,9) the tetracyclic lactam (VI) gave rise to the expected product, 7a-acetoxy-1, 2, 3, 4, 6, 7, 7a, 12b-octahydroindolo [2,3-a] quinolizine-4-one (XIII), which then rearranged easily to the vinyl lactam (X) in an acetic acid medium as shown in Chart 4.
In order to elucidate the mechanism of the selenium dioxide oxidation, the tetracyclic vinyl lactam. (XI) was again subjected to the oxidation reaction with selenium dioxide under the same conditions. Though reaction was obviously very slow, in the presence of large excess of selenium dioxide and after a prolonged reaction time (23 hr), organoselenium compound (IX) was obtained in 34% yield.
Generally, indole derivatives suffer initial oxidation at the fl-position to the nitrogen atom with reagents such as Pb(OAc)4 and t-BuOCl. Thus, the indole alkaloid, gardnerine (XIV) was easily oxidized to indolenine ether (XV) with t-BuOC1 or by Jones oxidation.10) However the same alkaloid was recovered unchanged from the oxidation with selenium dioxide (Chart 5). Considering the above results together with the fact that a-picoline gives rise to a-picolylaldehyde on selenium dioxide oxidation,11) the mechanism shown in Chart 6 8) S. Sakai, A. Kubo, T. Hamamoto and C. Ueda, Yakugaku Zasshi, 86, 760 (1966) . 9) The results of this oxidation and a subsequent rearrangement reaction will be published in another paper. 10) S. Sakai, A. Kubo and J. Haginiwa, Tetrahedron Letters, 1969 , 1485 . 11) M. Henze, Chem. Ber., 67, 750 (1934 W. Borsche and H. Hartmann, Chem. Ber., 73, 839 (1940) . can be proposed for the present reactions. The inertness of gardnerine (XIV) to the oxidation may be due to the impossibility of intermediary formation of C2-C3 double bond, which is ruled out by Bredt's rule. The tetracyclic lactams (VI and VII) gave rise to the vinyl lactams (X and XI), respectively, via the corresponding enamine intermediates, Chart 6 and selenium (II) oxide, formed during the reaction, may attack each species to give organoselenium derivatives (VIII and IX) in a manner similar to the oxidation of olefins with selenium dioxide12) (Chart 7). 
